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Abstract
Background—A key challenge inhibiting the timely initiation of pediatric antiretroviral
treatment is the loss to follow-up of mothers and their infants between the time of mothers' HIV
diagnoses in pregnancy and return after delivery for early infant diagnosis (EID) of HIV. We
sought to identify barriers to follow-up of HIV-exposed infants in rural Zambézia Province,
Mozambique.
Methods—We determined follow-up rates for early infant diagnosis and age at first test in a
retrospective cohort of 443 HIV-infected mothers and their infants. Multivariable logistic
regression models were used to identify factors associated with successful follow-up.
Results—Of the 443 mother-infant pairs, 217 (49%) mothers enrolled in the adult HIV care
clinic, and only 110 (25%) infants were brought for early infant diagnosis. The predictors of
follow-up for EID were larger household size (OR=1.30; 95% CI, 1.09-1.53), independent
maternal source of income (OR=10.8; 95% CI, 3.42-34.0), greater distance from the hospital
(OR=2.14; 95% CI, 1.01-4.51) and maternal receipt of ART (OR=3.15; 95% CI, 1.02-9.73). The
median age at first test among 105 infants was 5 months (interquartile range 2 to 7); 16% of the
tested infants were infected.
Conclusions—Three of four HIV-infected women in rural Mozambique did not bring their
children for early infant HIV diagnosis. Maternal receipt of ART has favorable implications for
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maternal health that will increase the likelihood of early infant diagnosis. We are working with
local health authorities to improve the linkage of HIV-infected women to HIV care to maximize
early infant diagnosis and care.
Keywords
HIV/AIDS; antiretroviral therapy; early infant diagnosis; prevention of mother-to-child
transmission; Mozambique; Sub-Saharan Africa
Introduction
HIV-related child mortality rates remain high in sub-Saharan Africa despite growing access
to antiretroviral therapy (ART).1-6 In resource-limited settings, up to 30% of untreated HIV-
infected children die before their first birthday and more than 50% die before they reach 2
years of age.7 Early Infant Diagnosis (EID) is crucial to reduce morbidity and mortality in
HIV-infected children through the timely initiation of antibiotic prophylaxis and ART.8 The
Children with HIV Early Antiretroviral Therapy (CHER) study showed that mortality
among HIV-infected infants randomized to ART within the first 12 weeks of life was
significantly reduced compared to those receiving later ART based on clinical criteria as per
prior WHO guidelines.9 With the development of dried blood spot (DBS) methods to
simplify sample management and transport, polymerase chain reaction (PCR) testing of
infants has become feasible in rural settings using centralized laboratories.10,11 The use of
DBS-PCR methods in infants has been demonstrated to be both highly sensitive and
specific, enabling EID in even resource-limited settings.10-14
Mozambique has one of the world's most severe HIV/AIDS epidemics. National HIV
prevalence is 16%, with 1.5 million persons, including 100,000 children, estimated to be
living with HIV within a population of 21 million.15,16 In 2008, <10% of children in need of
treatment were receiving ART.16 Zambézia is the country's second most populated province
and has the second highest estimated adult HIV prevalence (19%).16,17 While programs for
the prevention of mother to child transmission of HIV (PMTCT) have been in place since
the 1990s, coverage has been limited and resources required to address pediatric HIV
infection have only been available since 2007. EID is offered in the “child at-risk” clinics
within the maternal and child health (MCH) services at all district hospitals and some
primary health centers.16 EID services include: 1) infant feeding advice, 2) counseling and
support, 3) cotrimoxazole prophylaxis, and 4) HIV diagnosis for exposed infants <18
months using DBS-PCR testing methods and ≥18 months using rapid antibody testing. DBS
samples are sent to one of two national referral laboratories for PCR analysis. Infants with
positive HIV test results are referred to clinicians trained in pediatric care and ART use,
while uninfected infants are followed in the “child at-risk” clinics for continued surveillance.
One of the principal goals of the EID program is to increase ART coverage among eligible
children.
While EID implementation guidelines and protocols have been established in many sub-
Saharan African countries, few studies have evaluated the retention of mother-infant pairs
from prenatal PMTCT to EID in “real world” field conditions. Published reports from pilot
programs or urban areas may not reflect rural African realities.18-20 Reports from Malawi
and northern Uganda, as well as our own experience in Mozambique, indicate substantial
attrition of mother-infant pairs in PMTCT services.21,22 We characterize our experiences in
the first year following the introduction of DBS-PCR services in a rural district hospital by
describing follow-up rates for EID; we further identify predictors of successful follow-up
and earlier age of infant testing.
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In Zambézia Province, all district hospitals and many primary health centers offer PMTCT
services as part of routine prenatal care. Current Ministry of Health PMTCT protocols in
Mozambique mandate that as part of their first prenatal visit all pregnant women should
receive group HIV counseling and be offered an opt-out rapid HIV test as part of their first
prenatal visit. HIV-seropositive women are offered antiretroviral (ARV) prophylaxis at 28
weeks gestational age or as soon thereafter as enrolled in prenatal care and are also are
advised to bring their infants to the “child at-risk” clinics for follow-up care and diagnosis.
Women are also given the recommendation to exclusively breastfeed unless they have a
safe, accessible, and affordable source of artificial formula; 98% of women in the province
breastfeed, only 41% exclusively.23 All HIV-infected women identified in PMTCT services
are referred to the adult HIV clinic within the district hospital where further one-on-one
counseling is provided, and a CD4+-cell count is performed. Women on combination ART
(cART) are followed regularly in the adult HIV clinic. At the Alto Molócuè district hospital,
all of these services are provided within the same hospital compound.
Study Design and Population
We conducted a retrospective cohort study of mother-infant pairs who were identified
through record reviews from January 2007 to November 2008 at a single rural district-level
hospital in Alto Molócuè, Zambézia Province after the first year of the EID program. All
HIV-positive women who received PMTCT services at Alto Molócuè district hospital were
included in the primary data analysis of retention for EID. Mother-infant pairs were
excluded if the infants were ineligible for DBS-PCR testing due to their age (<1 month or
≥18 months) during the study period. Follow-up for EID was determined by review of
PMTCT and “child at-risk” clinic registries. Mother/infant pairs from both registries were
matched by maternal name and verified with infant date-of-birth, maternal age, and village.
For the secondary data analysis designed to identify mother-infant characteristics predictive
of follow-up for EID, only mothers from PMTCT services who enrolled in the adult HIV
clinic were included because socio-demographic data collection occurs during enrollment at
the adult HIV clinic. In the secondary analysis considering predictors of early testing, we
included those infants born to eligible mothers who were registered and tested at the “child
at-risk” clinic (Figure 1).
The National Committee of Bioethics for Health in Mozambique and the Institutional
Review Board at Vanderbilt University School of Medicine approved this research,
including collection of the data from hospital records.
Statistical Analysis
Socio-demographic and clinical characteristics of mother-infant pairs who obtained and did
not obtain EID follow-up were compared using Wilcoxon rank sum and chi-squared tests.
To identify those characteristics that were independently predictive of follow-up, we used a
multivariable logistic regression model. At most, 5% of the data was missing for any
predictor; thus we used single imputation to replace missing values with the median value of
non-missing data. For the analysis of age-at-first PCR test, we used Kaplan-Meier estimates
to compute time to first PCR test in HIV-exposed infants; we assessed for difference in PCR
testing by HIV status using a log-rank test. We used linear regression to identify predictors
of earlier testing. Distance from hospital was excluded from the model, as it correlated
highly with birth location. There were no excessive missing data for predictors of age at
testing; missing values were accounted for using multiple imputation techniques. In this
technique, we used other patient characteristics to predict the missing value for each mother-
Cook et al. Page 3













infant pair, and then we performed regression on the imputed data. We repeated this task 10
times and took the average estimates from the multiple linear regressions.24 R-software
2.9.2 was used for data analysis.25
Results
Study Population Characteristics and Rates of Follow-up for EID
At Alto Molócuè district hospital, 443 HIV-positive women received PMTCT services
during the study period; 217 (49%) of those women enrolled in the adult HIV clinic. Of the
enrollees, 76% lived within 10 km of the hospital, 82% reported no source of income, 84%
reported basic reading skills, 87% reported having a domestic partner, and 11% were on
cART (Table 1).
Among the mother-infant pairs who accessed EID services (N=105), 88% of the infants
were born at the hospital. Maternal self-report suggested that 91% of mothers and 87% of
infants might have received ARV prophylaxis. By self-report, 74% of infants received
combination nevirapine and zidovudine prophylaxis, 88% of infants were breastfed, 63%
exclusively (Table 2).
Of the 443 HIV-positive mothers who received PMTCT services, 110 (25%) brought their
infants for EID. Almost all of the mothers (95%) who accessed EID services with their
infants were themselves enrolled in the adult HIV clinic.
Predictors of Follow-up for EID
In a multivariable logistic regression model, we found that an independent source of
maternal income, larger household size, greater distance, and mothers on cART were all
statistically significant predictors of follow-up for EID (Table 3). Independent maternal
income, via formal employment or agriculture, markedly increased the odds of follow-up for
EID (OR=10.8; 95% CI, 3.42-34.0). For each member increase in household size, the odds
of mother-infant pairs accessing EID services increased (OR= 1.29; 95% CI, 1.09-1.53).
Although 76% of the mother-infant pairs lived within 10 km of the hospital, there was an
increased odds of accessing EID services for those who lived >10 km away (OR=2.14; 95%
CI, 1.01-4.51). Maternal receipt of cART increased substantially the odds of mother-infant
pairs accessing EID (OR=3.15; 95% CI, 1.02-9.73).
Age at First Test and Predictors of Early PCR Testing
The median age of HIV-exposed infants at first DBS-PCR test in the first year of the EID
program was 5 months (IQR 2 to 7). Ten percent of infants were tested at the target of 1
month of age. In a linear regression model of age at first test, an independent source of
maternal income and maternal receipt of cART were statistically significant predictors of
timing of first PCR test (Table 5). A woman having an independent source of income
decreased age at first test by almost 2 months (effect=-1.67; 95% CI, -3.12 to -0.22)
compared to women with no independent income. In contrast, maternal receipt of cART
delayed age at first test by >2 months (effect=2.63; 95% CI, 0.26-5.00) in comparison to
those not on ART.
EID Program Outcomes
Among the 105 mother-infant pairs included in the analysis, 16% of the infants tested
positive with the HIV DBS-PCR test. HIV infection varied by age at test and ARV
prophylaxis (data not shown). The median turn-around time for DBS results was 12.6 weeks
(IQR 10.9 TO 16.4).
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Our study found that low uptake was the norm in the first year of the EID program in rural
Mozambique; only 25% of HIV-positive mothers who received PMTCT services returned
for infant EID. Furthermore, a majority of the mother-infant pairs that did successfully
return for EID did so with months of delay that the CHER study documents have negative
clinical implications.9 While most of the predictors of successful follow-up for EID in this
study were structural (e.g., economic, societal), maternal receipt of cART was a strong
independent predictor of follow-up that could be improved with targeted interventions.
Mothers on cART may be more likely to access EID services because of increased
understanding of their HIV status, more frequent medical visits, increased opportunities for
providers to identify at-risk infants, and the up-front selection of women who at least
intermittently secure transportation to the hospital. While maternal receipt of cART
increased the likelihood of infant EID, it also was associated with a later age at testing. We
need to further investigate the source of delays in seeking infant care; for instance, are
women delaying care with a more or less advanced burden of disease?
The high attrition between PMTCT and EID services in our study is consistent with other
published estimates from PMTCT services across sub-Saharan Africa.20-22,26-32 The strong
association in our study between follow-up for EID and familial socio-demographic factors
such as maternal income and household size has also been observed in other resource-
limited settings.32-36 The paradoxical association between greater distance and higher EID
follow-up likelihood in our study may reflect a selection bias of women who have already
overcome the challenge of distance as well as decreased fear of social stigma when seeking
HIV care outside one's own community. A Zambian study reported that adult cART
adherence was unrelated to distance traveled; similar interactions may have applied.37 There
is growing evidence that expanding eligibility criteria for receipt of ART to all peripartum
HIV-infected women may be an effective strategy to improve both maternal HIV outcomes
and diminish maternal to child HIV transmission (MTCT); results from this study suggest
the additional benefit of improved infant retention.21,38,39
Although this study was not designed to examine factors contributing to MTCT rates, it is
notable that there is a large discrepancy between the relatively high self-reported coverage
of ARV prophylaxis for mother-infant pairs (>80%) and the high rate of infant infection in
our study. Work from Zambia and confirmed from the multinational PEARL study supports
the finding that self-report of receipt of ARV prophylaxis is an unreliable measure of
coverage.40,18 There are several programmatic explanations that may contribute to the high
rate of MTCT observed during the first year of our program; all are amenable to intervention
with quality improvement efforts at all steps of the “prevention cascade”.41,42
The Alto Molócuè hospital has a very modest infrastructure and faces serious human
resource constraints that are difficult to overcome even with support from programs
supported by the President's Emergency Plan for AIDS Relief (PEPFAR).43 EID was
implemented after a single MCH nurse attended a week-long seminar in EID, with on-site
training of the additional 3-4 MCH nurses, all of whom were already responsible for all
routine perinatal services to also provide all PMTCT and EID services. Expanded PMTCT
programs in the context of already stressed MCH programs may create substantial stress on
the parent systems.44 The role of peer educators and community health workers are well-
known strategies to improve adherence and retention in HIV programs, particularly when
there are few trained health workers.45,46 In Alto Molócuè, social workers and peer
educators are integral in services in the adult HIV clinic, but during the study period, there
was only one part-time social worker for all MCH services. At the time of the study, two
different non-governmental organizations were supporting HIV-related services in the
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hospital: one with antiretroviral treatment program and the other with PMTCT services.
While all services are offered in the same hospital compound, weak linkages between
programs, particularly between PMTCT and the adult HIV clinic likely contributed to loss to
follow-up.
The principal study strength was its “real world” rural setting, in contrast to more optimistic
findings that might emerge from model programs with substantial resources added for
research and/or in urban settings. The design of this study has limitations, including the
potential for misclassification and selection biases. While factors included in our
multivariate model were each potentially important predictors of follow-up, we cannot
exclude the possibility that our results were influenced by unmeasured confounders.
Participant mortality and migration have been shown in other studies to be outcomes
misclassified as lost-to-follow-up; our study was not designed to measure these outcomes, or
to evaluate barriers to follow-up from the patient perspective.21,32 Finally, our relatively
small sample size from a single site during the first program year limits ability to generalize
to other areas with more mature EID programs.
Early experience from an EID program in a rural resource-limited setting provides an
important baseline to inform future interventions aimed at improving retention of mother-
infant pairs between PMTCT and EID. Our findings suggest that the timely initiation of
cART in all pregnant women who are eligible is important not only for maternal health and
reducing mother-to-child transmission, but may also be instrumental in improving follow-up
of HIV-exposed infants. This adds further urgency to implement the World Health
Organization's most recent guidelines recommending earlier antiretroviral therapy for a
larger group of HIV-positive pregnant women.47 The findings from our study imply that
improving linkages between PMTCT, adult HIV and post post-partum care may be a key
modifiable factor to improve retention of HIV-exposed infants. We are conducting a pilot
quality improvement intervention study to increase linkages between PMTCT and EID
services; preliminary results suggest considerable promise in improving infant retention
through systems improvement.
Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Study population in Alto Molócuè district hospital, 2007-2008
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Table 1
Characteristics by maternal/infant follow-up to EID services among women registered in





No follow-up for EID
(N=112)
P-Value
Household size, median (IQR) 6 (5 to 8) 7 (5 to 8) 6 (4 to 7) <0.001
Distance, n (%) 0.003
 ≤10 km 165 (76%) 70 (67%) 95 (85%)
 >10 km 52 (24%) 35 (33%) 17 (15%)
Maternal income, n (%) <0.001
 No income 179 (83%) 71 (68%) 108 (96%)
 Income from job or agriculture 37 (17%) 33 (32%) 4 (4%)
Maternal education, n (%) 0.050
 None 35 (16%) 12 (11%) 23 (21%)
 Primary School 131 (60%) 62 (59%) 69 (62%)
 Secondary School 51 (24%) 31 (30%) 20 (18%)
Maternal literacy, n (%) 0.101
 Cannot read at basic level 35 (16%) 12 (11%) 23 (21%)
 Reads at least at basic level 182 (84%) 93 (89%) 89 (79%)
Maternal relationship status, n (%) 0.757
 No partner 28 (13%) 15 (14%) 13 (12%)
 Partner 186 (87%) 90 (86%) 96 (88%)
Mother on combined ART 0.003
 No 193 (89%) 86 (82%) 107 (96%)
 Yes 24 (11%) 19 (18%) 5 (4%)
NOTE: Of the 217 mother-infant pairs, missing values for characteristics included: household size (11), maternal income (1), and maternal civil
status (3). Percentages are computed using the number of patients with non-missing value.
PMTCT=Prevention of mother-to-child transmission
EID=Early infant diagnosis
ART=antiretroviral therapy
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Table 2




 Male 48 (46%)
 Female 56 (54%)
Distance from Hospital, n (%)
 ≤10 km 87 (84%)
 >10 km 16 (16%)
Birth Location, n (%)
 Home 10 (12%)
 Hospital 7 (88%)
Type of Birth, n (%)
 Vaginal 91 (97%)
 C-section 3 (3%)
A e at first DBS-PCR, median (IQR) 5 months (2 to 7)
Age range at PCR test 1-18 months
Maternal ARV prophylaxis, n (%)
 Combination ART 10 (10%)
 Zidovudine+Nevirapine 37 (38%)
 Nevirapine Only 43 (44%)
 None 8 (8%)
Infant ARV Prophylaxis, n (%)
 Zidovudine+Nevirapine 75 (74%)
 Nevirapine Only 13 (13%)
 Yes, but regimen unknown 1 (1%)
 None 13 (13%)
Infant Feeding, n (%)
 Breast feeding 87 (89%)
  Exclusive breast feeding 61 (63%)
 Mixed feeding (breast + formula or food) 11 (11%)
NOTE: Of the 105 infants, missing values for characteristics included: distance (2), birth location (19), type of birth (11), maternal ARV
prophylaxis (7), infant ARV prophylaxis (3), and feeding (22). Percentages are computed using the number of patients with non-missing value.
DBS-PCR=Dried Blood Spot Polymerase Chain Reaction
ARV=antiretroviral
ART= antiretroviral therapy
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Table 3
Multivariable model of predictors of follow-up to early infant diagnosis in Alto Molócuè
district hospital, 2007-2008
Odds Ratio 95% Confidence Interval P-value
Household size
 Per member increase 1.29 1.09-1.53 0.003
Distance from hospital
 >10 km vs. ≤10 km 2.14 1.01-4.51 0.046
Maternal income
 Job or agriculture vs. no income 10.79 3.42-34.02 <0.001
Maternal literacy
 Can read vs. cannot read 1.88 0.78-4.51 0.159
Maternal relationship status
 Partner vs. no partner 0.92 0.35-2.44 0.870
Mother on combination antiretroviral therapy 3.15 1.02-9.73 0.047
Note: Of the 217 mother-infant pairs, missing values for predictors singly imputed included: household size (11), and income (1).
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Table 4
Multivariable model of predictors of age at first test in Alto Molócuè district hospital,
2007-2008
Effect 95% Confidence Interval P-value
Household size
 Per member increase -0.084 -0.48 to 0.31 0.675
Birth location
 Hospital vs. home 0.004 -2.45 to 2.52 0.978
Maternal Income
 Job or agriculture vs. no income -1.67 -3.12 to -0.22 0.027
Maternal Literacy
 Can read vs. cannot read 0.425 -1.99 to 2.86 0.726
Maternal relationship status
 Partner vs. no partner -0.14 -2.37 to 2.09 0.902
Mother on combination antiretroviral therapy 2.63 0.26 to 5.00 0.032
Note: Of the 105 infants, missing values for predictors multiply imputed included: household size (3), birth location (19), and income (1).
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